Alexander-Minetti-like metabolic cost dependency on muscle activation and muscle shortening velocity are 19 shown in Figure S2 and its caption.
20

S2 Other objective functions
21
We chose to check the results found using the metabolic cost function described in the Methods section of 22 the main document and Figure S2 with two other common objective functions. The first of these objective 23 functions is a scaled force-squared and torque-squared cost function defined by:
where the sum is over all muscles, F i is the force produced by the i th muscle, τ is the prosthesis motor torque,
25
r is a scaling constant (equal to typical muscle moment arm), T stride is the total time of one stride, λ is the 26 weighting factor, and the product F iso v max has units of power and provides appropriate scaling of the cost 27 for various muscles as in [3] . The second objective function is a work based cost defined by:
where the sum is over all muscles, W Figure S3 .
34
S3 Cost dependence on prosthesis mass
35
After completing tests with prosthesis mass equal to 0.5 to 1.5 times the mass of the intact foot, we found a 36 positive correlation between mass and both human and prosthesis costs. Moreover these cost rates depend 37 linearly on mass for a given λ . Figure S4 displays Table S2 : Biped segment length and foot shape parameters. For the HAT, thigh and shank segments, the segment lengths are measured along the x axis from the origin of the segment, which is at the proximal joint ( Figure S1b) , to the distal joint; for these three segments, the y distance between the joints is zero, as seen in the first three rows of the Table S4 : Biped joint ranges of motion. The joint angles are displayed graphically in Figure S1d . This table presents the bounds on these angles (in radians). Some bounds are assumed to be larger than anatomical, but such bounds are never active at the optimal solution, as is clear from the optimal kinematics depicted in the main manuscript ( Figure   2 ). Figure 3A ), (2) using a scaled muscle-force-squared cost for the human and a scaled torquesquared cost for the prosthesis, (3) using a muscle work-based cost for the human and a motor work cost for the prosthesis. Thus, these Pareto curves show that all these different costs give qualitatively similar trade-offs between human and prosthesis energy costs for the amputee. The work based costs produced impulsive muscle forces and prosthesis torques, as also observed in earlier work [4, 7] . For the three cost functions, we also show the optimal costs for an able-bodied (non-amputee) walker (long-dashed line) and that for the "muscle replacement strategy" (shortdashed line), demonstrating that the optimal robotic prosthesis actuation reduces amputee energy cost below both the able-bodied walker and an able-bodied walker with cost-free muscles crossing an ankle. Figure S5 : Duty factor. Duty factor (a leg's stance duration as a fraction of total stride period) is shown for the two legs for the Pareto-optimal amputee walking, as a function of the weighting factor λ . When asymmetric gaits are allowed (solid lines), we find that the prosthetic leg spends more time in stance than the biological foot as λ is increased, presumably to allow the prosthesis to provide more assistance. When we have symmetry constraints (dashed lines), we find that the two legs have slightly different stance periods because the symmetry constraint does not impose perfect symmetry.
